Question: Species-specific interactions can connect particular species to others, which has important implications for species interdependence and co-existence. However, species-specific effects of ecosystem engineers remain little explored, particularly in the alpine tropics. We investigated the effects of two cushion plants with subtle differences in morphological traits in a tropical Andean ecosystem. We asked whether these foundation species differed in their effects on local abiotic factors, species richness and the structure of plant assemblages growing within them.
Introduction
Facilitation, or the positive effects of individuals on others, occurs in virtually all biomes (Hunter & Aarssen 1988; Callaway 2007) and is a process that shapes natural communities (Bruno et al. 2003; Brooker et al. 2007 ). However, not all facilitators are equal; some species have much stronger positive or negative effects on their neighbours than others (Callaway 2007; Cavieres & Badano 2009; . In other words, facilitation can be highly species-specific (Hutto et al. 1986; Callaway 1998; Cavieres et al. 2008) . This is important because species specificity in interactions among plants suggest a more complex interdependence among species than a scenario in which all nurse species were equal (Callaway 2007; Martorell & Freckleton 2014) . Understanding the speciesspecific nature of the effects of ecosystem engineers (sensu Jones et al. 1997 ) on community structure also informs the efforts to conserve biodiversity, emphasizing the intertwined relationships between biodiversity and ecosystem functions (Tilman 1996; Tilman et al. 1997; Loreau et al. 2001) . Several studies have investigated species-specific interactions among selected species (Hutto et al. 1986; Hellmann et al. 2016 ) but fewer studies have explicitly analysed its importance in modifying whole community structure. These interactions could have important implications for understanding the mechanisms that promote species co-existence and maintain plant diversity (Cavieres & Badano 2009; Chen et al. 2015) .
Alpine ecosystems provide good opportunities to explore species-specific facilitative interactions because stress-tolerant nurse plants often ameliorate harsh conditions in ways that increase species and phylogenetic diversity and influence natural selection (Michalet 2006; Cavieres & Badano 2009; Cavieres et al. 2014 ; but see Dvorsky et al. 2013 ). However, even though different species of cushion plant often co-occur at the same sites, we have a poor understanding of the variation in impacts, if any, that these different species of ecosystem engineer have on the rest of the plant community. Co-existing cushion species could have different effects on microclimate and soil resource availability (Cavieres et al. 2008; Chen et al. 2015 ) and this in turn could result in species-specific effects on community diversity and structure (Badano & Cavieres 2006; Cavieres & Badano 2009 ). Moreover, changes in the abiotic and biotic effects of nurses have been linked with intra-and interspecific differences in morphological, life history or functional attributes (Callaway 2007; Michalet et al. 2011; Cranston et al. 2012; Sch€ ob et al. 2013 ). However, the potential importance of differences in nurse traits on the relative intensity of facilitative effects remains little explored for alpine species (Sklen a r 2009; Anthelme et al. 2017) .
Our understanding of plant-plant interactions, species interdependence and the role of ecosystem engineers is especially limited in tropical alpine systems (K€ orner 2003; Cavieres et al. 2014 ). There are reasons to suspect that the interactions between potential nurse species and neighbours may differ between temperate and tropical alpine communities. While many environmental stressors are similar, such as low temperatures, low nutrient availability, high ultraviolet radiation, exposure to wind and drought, some stressors differ greatly, which could affect the importance and intensity of nurse-neighbour interactions. In particular, tropical systems lack temperature seasonality, a salient feature of temperate alpine systems. Consequently, the growing season is year-round, and most species in the tropical alpine are slow-growing perennials with stress tolerant strategies (Az ocar & Rada 2006) . This could make them less dependent on facilitation than faster-growing but less stress-tolerant species in temperate alpine systems . At the same time, daily temperature extremes in high tropical alpine ecosystems lead to daily freeze-thaw cycles in the soil, inducing solifluction (P erez 1987) . This form of natural erosion creates unstable substrates and constant natural disturbance, which may in turn promote facilitation by a unique and diverse array of long-lived plants with high above-ground biomass. Such species, including giant stem rosettes, cushions and sclerophyllous shrubs, have the potential to act as ecosystem engineers (Ram ırez et al. 2015) . These life forms have been shown to increase soil organic matter, nutrient and water availability, and substrate stability, while decreasing daily temperature amplitudes (P erez 1987; Ram ırez et al. 2015) .
Tropical alpine ecosystems are hotspots of biodiversity, and locally endemic species are common (Jacobsen & Dangles 2012; Anthelme et al. 2014) . These high levels of species and functional diversity (even within the same plant growth form) might be associated with a high degree of species specificity in plant-plant interactions . However, even though the tropical Andes comprise more than 90% of the global tropical alpine biome (Jacobsen 2008) , only a small number of recent studies have documented effects of ecosystem engineers on community structure in these environments (Sklen a r 2009; Anthelme et al. , 2017 C aceres et al. 2015; Ram ırez et al. 2015) . Here, we explored species specificity in plant-plant interactions in the "p aramo" of the Venezuelan Andes. The Venezuelan high Andean p aramo or "superp aramo" is a tropical alpine ecosystem that occupies the upper belt of the northern Andes (4000-5000 m a.s.l.), where cushion-forming plants are an important component of the patchy vegetation.
We investigated how species-specific interactions play a role in plant community structure within two abundant cushion species: the larger, more rigid Azorella julianii Mathias & Constance (Apiaceae) and the smaller and denser Arenaria musciformis Triana & Planch. (Caryophyllaceae) . We addressed the following questions: (1) do tropical cushion plants act as ecosystem engineers, improving local microhabitat conditions and increasing plant abundance and species richness; (2) are these abiotic and biotic effects different between two co-existing cushion species with fine differences in nurse traits; (3) are there species-specific effects on the structure of local species assemblages and species abundance patterns; and (4) what are the possible implications of species-specific effects of ecosystem engineers for increasing habitat diversity, species interdependence and species co-existence?
Methods

Study sites
We worked in the northern-most reaches of the Andes Mountains in the Piedras Blancas p aramo, Sierra de La Culata National Park, Venezuela, during Jan-Mar 2014 (dry season). Sites were located in the high Andean p aramo (superp aramo), on northeast-facing slopes. We sampled three replicate sites in a 5-km area: Rio Azul Because of the low tropical latitude but high elevation of this p aramo, mean monthly temperature is relatively constant (3 AE 2.7°C) while daily temperatures near the soil surface range between 40°C during the day and less than À5°C at night (Ram ırez et al. 2015) . This region is the driest in Venezuela's high alpine, with mean annual precipitation of 860 mm (Pico El Aguila weather station, 4118 m a.s.l.). The soils at the study sites are entisols and inceptisols, coarse (sandy to sandy-loam), acidic (pH 4.1-4.5), shallow, low soil organic matter (%5%), low nutrient levels and subject to constant disturbance by needle-ice formation due to frequent freeze-thaw cycles in the soil (P erez 1987) .
The plant community in our study sites is patchy and sparsely covers the landscape (generally <50% cover). This cover is partitioned into two strata, one dominated by giant rosettes and shrubs, and the other consisting of cushions, disperse grasses, forbs and acaulescent rosettes (C aceres et al. 2015) . Fifty-two species were sampled, including the exotic species Rumex acetosella.
Study species
There were five species of cushion-forming plants at our sites; Azorella julianii and Arenaria musciformis were by far the most abundant (the others being Arenaria venezuelana, Aciachne pulvinata Benth. and Lachemilla tanacetifolia Rothm. ). Both species are comprised of distinct stem layer and leaf layers, and both species have a leaf layer of similar depth. But the stem layer is thicker in Azorella (6.38 AE 0.73 cm) than in Arenaria (3.25 AE 0.28 cm). Moreover, the larger, more sclerophyllous leaves of Azorella result in a cushion surface, which is 84% more rigid than in Arenaria (see Appendix Table S1 for details).
At the Rio Azul site, all cushion species comprised 13% of the total landscape cover, with Azorella and Arenaria comprising 10% and 2%, respectively. At the Avenida site, total cushion cover was 7%, with Azorella and Arenaria comprising 3% and 2%, respectively. Finally, at the Gloria site total cushion cover was 11%, with Azorella and Arenaria each comprising 5% cover. The average size of Azorella was 1.41 AE 0.10 m 2 and the average size of Arenaria was 0.49 AE 0.04 m 2 .
Vegetation sampling
At each of the three study sites we haphazardly selected 35 individual cushions of each species within a 200 m 9 200 m area. For each individual, we placed a flexible wire ring on the cushion, adapting it to the cushion's shape, and recorded the presence and number of individuals of all vascular plant species within. We defined individuals as ramets, as many species in the p aramo are interconnected underground. Then, we randomly sampled open substrate 1 m from each cushion (in 35 paired samples for each cushion species) and measured species richness and total plant abundance within the wire rings in the same way as in the cushion. Hence, a total of 70 paired samples were measured for Azorella and 70 for Arenaria (35 inside and 35 outside) at each site. Azorella cushions were generally larger in area than Arenaria cushions, and many Azorella cushions exceeded a mean diameter of 50 cm. For Arenaria, the majority of individuals in the population had a diameter <50 cm. Hence, we used a 40-cm diameter sampling ring for Azorella (and the paired samples outside) and a 20-cm diameter ring for Arenaria (and paired samples). We only sampled individual cushions with a minimum length in one dimension of at least 40 cm for Azorella and at least 20 cm for Arenaria. The average maximum length and maximum width at a 90°angle from the maximum length of the 105 individuals was 80.1 cm 9 51.8 cm for Azorella, and 51.6 cm 9 29.3 cm for Arenaria. Given the elliptical shape of most cushions, in the majority of cases our sampling included both the border and central section of their surface (and never bare soil), to avoid as much as possible a bias towards not sampling the cushion borders; see Anthelme et al. 2017) . Additionally, for the rings placed in open areas, we avoided sampling rocky outcrops.
Cushion effects on microhabitat
The effects of these two cushion species on microhabitat conditions were analysed in one of our three study sites (Avenida) within a 100 m 9 100 m area. Measurements of soil relative water content (SWC) and soil organic matter (SOM) were performed by taking soil samples from 5 to 10 cm below the soil surface near midday on a clear day of the dry season (Mar 2014). We collected one sample from each of eight different haphazardly chosen cushions of Arenaria and Azorella and eight open sites away from the cushions' influence (but always within 2-4 m from each replicate pair). SWC measurements were made by calculating the percentage of water in the sample through differences between wet and dry weights. SOM content determinations were obtained using the weight difference between a sample of dry soil, and the remnants of the sample after heating to 400°C for 4 h. Although the paired replicates for soil sampling were taken 2-4 m away from the cushion instead of 1 m away (as was the case for vegetation sampling), other recent studies in the same area using a 1-m distance for soil measurements have yielded consistent results with those presented here (L.D. Llamb ı & L. Ram ırez, unpublished data).
Average SOM and SWC inside Arenaria vs inside Azorella vs outside of the cushions were compared using a one-way PERMANOVA (for Primer 6.0; Primer, Plymouth, UK), defining the local sampling situation as a fixed factor with three levels (Arenaria, Azorella, open). Given that we had a low number of replicates and our data were not normally distributed, we decided to use PERMANOVA, a robust technique that removes the assumption of normality required in fully parametric ANOVA procedures. In all PERMANOVA tests, the number of permutations was set to 9,999 and the probability of type I error was established at 95% (a = 0.05), although it was adjusted to 99% for post-hoc tests (permutational t-tests).
For measuring shallow soil temperatures within each cushion species, we haphazardly chose three individuals more than 30 cm in diameter and placed one replicate Onset HOBO TidbiT v2 sensor within each. We buried sensors 2 cm below the leaf surface at the centre of each cushion, and covered them with the cylindrical core of leaves and stems removed for sensor insertion. Then, we haphazardly sampled three nearby open soil sites 2-4 m away from any cushion, placing one temperature sensor in each location, 2 cm below the soil surface. We also compared the average local species richness and total native plant abundance inside vs outside each cushion species using a two-way PERMANOVA (Primer 6.0), defining the local sampling microhabitat (inside vs outside of cushions) as a fixed factor and site as a random factor. This method allowed us to test the effect of site on species richness and total plant abundance, and the interaction between site and microhabitat, which were not possible for RII.
Multivariate analysis of community structure
To compare species assemblages in the different microhabitats (inside vs outside of cushions) we constructed Bray-Curtis community dissimilarity matrices based on the square root-transformed species abundance data. The transformation decreased the weight of dominant species in the calculations. These matrices were then analysed using NMDS ordination, and the average Bray-Curtis dissimilarities were compared using two-way PERMANOVA (using Primer 6.0 and PERMANOVA for Primer; Clarke & Warwick 2001; Primer-6) . First, we compared the sampling units inside and outside separately for each cushion species, defining microhabitat as a fixed factor and the study sites as a random factor. This analysis determined if each cushion species modified species abundance patterns with respect to the plant community in open areas. Then, we compared the communities within Azorella vs Arenaria, using the cushion species identity as a fixed factor and the site as a random factor. This second analysis evaluated whether species abundance patterns were significantly different within the two cushion species. In this case, given the difference in the size of the sampling rings used for the two species, we first standardized the data (dividing the abundance of each species by the total plant abundance in each sample) and analysed the relative abundance of the species in the sampling rings.
Cumulative species richness
To estimate whether our sampling was representative of the actual community, we created species accumulation models (using Kindt's exact method, with 1000 randomizations) for each cushion species and their associated open samples across all three study sites combined. These models and 95% CI around the mean values of species richness were calculated following Gotelli & Colwell (2001) . We created species accumulation curves not just to evaluate our sampling effort, but also to compare total species richness between cushions and associated open areas. Curves were produced for Azorella and Arenaria separately, given the differences in the size of the sampling rings used for the two species. All values for the accumulation curves were calculated with the vegan package (Dixon 2003) 
Results
Effects on abiotic conditions
There was a significant effect of microhabitat (Arenaria vs Azorella vs outside) on average SOM (pseudo-F = 4.813; P = 0.0191). SOM was higher within both cushion species than outside (P ˂ 0.05), with a 42% increase within Arenaria and a 48% increase in Azorella (Table 1) compared to open samples; there was no significant difference between the two cushion species (P = 0.617). For SWC there were also significant differences between microhabitats (pseudo-F = 7.843, P = 0.0007). SWC was 56% higher in Azorella than in Arenaria, and it was 21% higher in Azorella than in open areas (P ˂ 0.05); SWC did not differ significantly between Arenaria and open sites (P = 0.674; Table 1 ).
Mean and maximum soil temperatures (2-cm depth) were lower within both cushion species than in outside soil (Table 1 ). In Arenaria there was a 12.4°C reduction in the temperature maximum relative to the outside soil, but minimum temperature was 1.0°C warmer inside the cushion. Azorella also reduced temperature amplitudes but to a lesser extent, with an 8.0°C decrease in the maximum and no clear effect on the minimum.
Species richness and plant density
Across the three sites, Azorella and Arenaria both had a positive effects on species richness and plant abundance. However, Azorella had a stronger positive effect than Arenaria on both abundance and richness (Fig. 1a,  b) . For both variables, the mean RII for Azorella was positive and was significantly above zero in each of the three sites analysed separately. However, for Arenaria the RII for species richness and total plant abundance was significantly higher than zero only at the Avenida site. Two-way PERMANOVA indicated that average species richness and total density were significantly higher in Azorella cushions than outside (P ˂ 0.05), with no significant interaction with site. For Arenaria, total abundance was higher inside the cushions (P = 0.0006, no site effect), but there was no difference in species richness inside vs outside (P = 0.0956, no site effect).
The RIIs for each species were calculated independently. Out of the 30 species analysed for Azorella, eight showed a significant positive interaction; whereas four showed a RII significantly lower than zero (Fig. 2) . Of the eight species with a positive association, two were found exclusively in Azorella.
Species demonstrating positive associations with Azorella included the graminoids Luzula racemosa, Agrostis breviculmis and A. tolucensis, the acaulescent rosettes Hypochaeris sessiliflora and H. setosa, and the prostrate herb Potentilla sp. Interestingly, even the other focal cushion species, Arenaria, was also found more frequently inside Azorella than outside (Fig. 2) . The exotic invader Rumex acetosella was the second most abundant species inside Azorella (Appendix S1, Fig. S1 ), having a significant positive association with the cushion.
For Arenaria, six species showed a significant positive association and no species had a negative association with this cushion (Fig. 2) . Similar to Azorella, the facilitated species included L. racemosa, A. breviculmis, A. toluscensis and Potentilla sp. Again, A. breviculmis was the dominant species inside (Appendix S1, Fig. S1 ). However, one species (a grass, Trisetum kochianum) was exclusively found inside Arenaria, and the invader R. acetosella was not significantly associated with this cushion. Also, in contrast to Azorella, the acaulescent rosettes H. sessiliflora and H. setosa were not associated with Arenaria.
Multivariate analysis of community structure
The NMDS ordination showed that community composition within Azorella cushions was different to samples from open areas ( Fig. 3a; two-way PERMANOVA, P = 0.0001). There was a significant site effect (P = 0.0001), and no interaction between site and microhabitat (P = 0.2906). For Arenaria, the difference in community composition in cushion vs open samples was marginal ( Fig. 3b ; PERMA-NOVA, P = 0.0511). Again, there was a significant site effect (P = 0.0024) and no significant interaction (P = 0.4739).
When the communities inside the two cushion species were compared (Fig. 3c) , there was no overall microsite effect (P = 0.3262), but there was a significant site effect (P = 0.0003) and a significant interaction between microhabitat and site (P = 0.001). When each site was analysed separately, the pair-wise analyses did show significant differences between microhabitats (inside Azorella vs Arenaria). There was a stronger significant difference in plant community structure inside Azorella vs Arenaria in the Gloria site (P = 0.0006) than in the Avenida (P = 0.024) and Rio-Azul (P = 0.0435) sites.
Species accumulation curves
Species accumulation curves approached asymptotes, indicating that our sampling of all sites combined represented most of the local species pool (Appendix S1, Fig. S2 ). That said, it is important to note that the 35 samples per site may not have provided a full representation of species richness at each site. Across the three sampling sites, more species accumulated in Arenaria cushions (30 spp.) than in open samples (23 spp.), but for Azorella the pattern was opposite, with open sites accumulating more species (35 spp.) than cushions (32 spp.). When the accumulation curves were corrected for differences in the size of the sampling units (the 105 sampling units in Arenaria would have approximately the same sampling area as 26 sampling units in Azorella), the species richness was 30 inside Arenaria and 23 inside Azorella. However, when sampling areas were calibrated in this way for open areas, there were 23 species for both cushion species. Table 1 . Average SOM and SWC (n = 8, 5-10 cm) and soil mean, minimum and maximum temperature (n = 3, 2 cm below the surface) under Arenaria and Azorella cushions compared to adjacent areas outside the influence of the cushions, in the Venezuelan high Andes (4300 m). SE values are indicated within parenthesis. Different letters indicate statistically significant differences in mean values (one-way PERMANOVA, a = 0.05).
• Mean relative interaction intensities (RII) and AE95% CI for total abundance of native plants in Azorella and Arenaria cushions at the three sites combined (b). Paired sampling rings inside and outside the larger Azorella cushions were 40 cm in diameter, while they were 20 cm in diameter for the smaller Arenaria.
Discussion
Species-specific effects on microhabitat
We found evidence that two cushion species act as facilitators in the high tropical Andes, modifying local microhabitats and community diversity and composition. Both cushion species increased soil organic matter to a similar degree; however, only Azorella had a significant positive effect on soil water content. Arenaria appeared to reduce temperature amplitudes, especially by reducing the daily maxima, but these measurements were poorly replicated.
These results correspond with others in the tropical and temperate Andes (Cavieres et al. , 2008 . However, in the Central Andes of Chile and the southeast Himalayas (Cavieres et al. 2008; Chen et al. 2015 ) the strongest differences among co-existing cushions species were not related to their effects on temperature or soil water, but to differences in soil nutrient concentrations. The species-specific effects on local abiotic conditions might be linked to differences in morphological traits (Callaway 2007; Sch€ ob et al. 2013; Anthelme et al. 2017) . Azorella has larger sclerophyllous leaves in larger rosettes, which form a more rigid surface than Arenaria. Azorella also has a thicker stem layer than Arenaria. These traits could make Azorella more effective in reducing water loss via transpiration and/or evaporation . Arenaria has smaller leaves and rosettes that are very closely packed together, forming a significantly denser surface than Azorella, and that might be more effective in buffering temperature oscillations.
Species-specific effects on plant species richness and abundance
Both cushion species had an overall positive RII for local species richness and total native plant densities, but the RII was more strongly positive for Azorella than Arenaria. This was linked to a more consistent significant effect of Azorella on average species richness and total plant abundance across the three study sites. Our focal cushions also modified the local abundance patterns of other vascular plants in the community, with many species showing significant positive RII values, and a few species showing significant negative RIIs (see also Anthelme et al. 2012 in Ecuador; Anthelme et al. 2017 in Bolivia) . Both species displayed significant differences in community dissimilarity between areas inside vs outside, but again, the overall effects of Azorella on community structure were stronger than those of Arenaria. This was true across the three sites, even though there were some differences in community composition. However, the similarity between the communities that grow within Azorella vs Arenaria and the effects of Arenaria on local plant abundance and richness varied in magnitude between study sites. This suggests that spatial heterogeneity at a regional scale, possibly due to slight differences between sites in factors such as slope inclination and stochastic community assembly processes, can modulate to some extent the outcome of plant-plant interactions (see Badano et al. 2005; C aceres et al. 2015) .
Interestingly, the beneficiary species (i.e. species with significant positive associations) for both cushion plants included many abundant grasses (e.g. Agrostis breviculmis). Nevertheless, the dominant alien plant Rumex acetosella (introduced into the Venezuelan Andes with wheat cultivation during the 18th century) showed a significant positive association with Azorella but not with Arenaria. In addition, several subdominant species showed species-specific responses to the presence of the two cushion species.
Some previous studies in alpine ecosystems have documented species-specific effects on overall community richness and diversity (e.g. Badano & Cavieres 2006; Chen et al. 2015) , but few have documented specificities in the structure of species assemblages and abundance patterns between co-existing cushions (but see Anthelme et al. 2017) . For exotic invaders, Cavieres et al. (2008) showed in central Chile that Taraxacum officinale was positively associated with only one of two co-existing cushions (Azorella monantha). In addition to the spatial association, this exotic also performed better within Azorella, which the authors attributed to differences in nutrient concentrations between the two ecosystem engineers. Previous research in alpine systems has shown that intraspecific differences in nurse traits are linked with their effectiveness as nurses along stress or disturbance gradients, with larger, more rigid but less tight cushions being better facilitators (Michalet et al. 2011; Sch€ ob et al. 2013) . This is consistent with the interspecific differences found here, where Azorella, the larger, more compact but looser species (i.e. lower rosette density and more open spaces between rosettes) is a better facilitator than Arenaria. However, in the Central Andes, Anthelme et al. (2017) found the more compact Azorella compacta to be a less effective facilitator than less compact Pycnophyllum species.
Species-specific responses in nurse-beneficiary relationships have also been documented in systems other than the alpine. In arid regions, one Sonoran "keystone" facilitator was associated with more beneficiaries than were other facilitators (Suz an et al. 1996) and facilitiative species in Mexico had different compositions of cacti species associated with them (Valiente-Banuet & Ezcurra 1991). In addition, tree species in a semi-deciduous forest of Brazil also appear to have species-specific interactions with understorey species (Souza et al. 2015) , as do shrubs in semi-arid environments in Spain (Gomez-Aparicio et al. 2004) . When considered together, our findings provide further evidence that species-specific effects of facilitators are relevant in many systems.
Such species-specific facilitative interactions can be strong, but they are not necessarily static. In Brazil, Paterno et al. (2016) found that the species of nurse and beneficiary plants affected the "balance between facilitation and competition." Additionally, they found the ages of the interacting individuals also affected that balance; in other words, plant-plant interactions can shift over time due to ontogenetic effects, but also to other processes such as inter-annual changes in climate (see Lortie & Turkington 2008; Greenlee & Callaway 1996; G omez-Aparicio et al. 2004) . Such dynamics may also be important in alpine systems, but remain to be explored.
Effects on community species richness
Despite the stronger facilitative effects of Azorella, Arenaria cushions accumulated more species overall than their paired open samples (Appendix S1, Fig. S2 ), whereas Azorella cushions accumulated fewer species than the open samples. This could be due to differences in the local richness of microhabitats were both cushions grow. However, richness values were the same in open areas outside Azorella and Arenaria when sampling effort was calibrated (different sampling ring sizes were used for the species). A more likely explanation is that there was a higher species turnover between the smaller Arenaria cushions, resulting in a higher accumulated richness within them. In fact, average species turnover between cushion samples (Jaccard's index) was higher for Arenaria (91.5%) than for Azorella (75.1%). Yet given the different sampling sizes used for the species because of inherent differences in mean cushion size, it remains difficult to derive a direct comparison of the total species richness associated with the two cushions. This difference in the size of sampling rings may have had other unforeseen effects on our results, for example when comparing the RII indices between the two cushion species. Because species-specific interactions can be affected by the functional groups involved and by scale, spatial scale can affect how the outcomes of species interactions are assessed (C aceres et al. 2015; Hellmann et al. 2016) .
The differences in the species accumulation curves inside vs outside cushions were not as large as those that have been reported in many other temperate alpine ecosystems, where a high proportion of species in the community are found exclusively within the cushions (Cavieres & Badano 2009; Cavieres et al. 2014) . In contrast, we found only three species that were absent outside but present within the cushions (in at least two sampling rings across the three sites). Similar findings were reported by C aceres et al. (2015) in an analysis of the effects of a dominant shrub in the same study region and by analysing the effects of Azorella aretioides cushions in Ecuador: most species in the community where present both inside and outside the influence of the nurses. One possible hypothesis that could be further explored for this difference between tropical and temperate systems could be that because of the year-round growing season, most potential beneficiaries in the tropical Andes are slow-growing, stress-tolerant perennials, which could be less dependent on facilitation to persist.
Conclusion
In sum, we found species-specific effects of co-existing ecosystem engineers in the high tropical Andes, with Azorella generally functioning as a more effective foundation species than Arenaria. Azorella had a stronger and more consistent effect across study sites on local plant abundance, species richness and community structure. The stronger facilitative effect of Azorella could be associated with its larger size, its more rigid but less densely packed rosettes, and its more positive effect on local soil water contents.
The degree of species specificity in positive and negative interactions among plants is important for understanding the general role of these interactions in plant communities. If foundation species are not simply interchangeable, then plant communities lean more towards functional interdependence than if foundation species simply alter the biophysical environment in ways similar to inanimate objects (Callaway 1998; Bruno et al. 2003) . The two cushion species studied here varied in their effects not only on microhabitat conditions but also on local community structure. This should contribute to increasing local habitat heterogeneity, which influences the abundance patterns of other species, and could in turn promote species co-existence by altering local dominance hierarchies. As noted by Paterno et al. (2016) , species-specific facilitation may be a key process promoting b-diversity in plant communities.
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